Abstract -Various nucleophiles, such as indole, 1,2,3-trimethoxybenzene, anisole, phenol, and pyrrole, reacted with 1-hydroxy-Nb-trifluoroacetyltryptamine under the presence of mesyl chloride to give novel series of (3a,8a-cis) -1,2,3,3a,8,8a-hexahydropyrrolo[2,3-b]indoles having a substituent at the 3a-position. Their structures and by-products were strictly determined.
MeNHCHO produced (3a,8a-cis) -1,2,3,3a,8,8a-hexahydro-3a-hydroxy-1-trifluoroacetylpyrrolo[2,3-b] indole (9) as a major product (Entry 7).
II. Reaction of 1-hydroxy-Nb-trifluoroacetyltryptamine (2) with nucleophiles
We next examined aromatic electron rich nucleophiles. When 1,2,3-trimethoxybenzene (10 mol eq.) was employed in the reaction of 2 with MsCl in CHCl 3 in the presence of Et 3 N (Scheme 3), (3a,8a-cis) -1,2,3,3a,8,8a-hexahydro-1-trifluoroacetyl-3a-(2,3,4-trimethoxyphenyl) pyrrolo [2,3-b] indole (10) , 3, 6, 1, and (3a,8a-cis) 2, 3, 3a, 8, aminoethylindol-1-yl]pyrrolo [2,3-b] indole (11a) were formed in 2, 15, 4, 4, and 13% yields, respectively. Further treatment of 11a with NaHCO 3 afforded 11b in 67% yield.
Under similar reaction conditions with anisole as a nucleophile, (3a,8a-cis) -1,2,3,3a,8,8a-hexa- hydro-3a-(4-methoxyphenyl)-1-trifluoroacetylpyrrolo [2,3-b] indole (12) , 3, 1, and 11a were isolated in the Table 1 . Solvent effect on the product formation and distribution * * 1 was obtained in 6% yield. respective yields of 5, 18, 6, and 10%. 12 was easily converted to (3a,8a-cis) -1,2,3,3a,8,8a-hexahydro-3a-(4-methoxyphenyl) pyrrolo [2,3-b] indole (13) in 94% yield by the treatment with aq. NaHCO 3 .
In the case of employing phenol as a nucleophile, (3a,8a-cis) -1,2,3,3a,8,8a-hexahydro-3a- (4-hydroxyphenyl)- (14) and -3a-(2-hydroxyphenyl)-1-trifluoroacetylpyrrolo [2,3-b] indole (15) were produced in addition to 6, 1, and 11a in 3, 5, 4, 8, and 8% yields, respectively. The compound 14 was derived to 12 in 73% yield by the reaction with CH 2 N 2 .
Since pyrrole is a good nucleophile, expected product, (3a,8a-cis) -1,2,3,3a,8,8a-hexahydro-3a- (pyrrol-2-yl)-1-trifluoroacetylpyrrolo [2,3-b] indole (16), was obtained in rather better yield (29%) compared to the above products (10-12, 14, 15) together with 3, 1, and 11a in 6, 7, and 8% yields, respectively. Formation of the other expected isomer, pyrrol-3-yl isomer (17), was not detected at all.
Treatment of 16 with Ac 2 O-pyridine afforded (3a,8a-cis)-8-acetyl-1,2,3,3a,8,8a-hexahydro-3a-(pyrrol-2- yl)-1-trifluoroacetylpyrrolo [2,3-b] indole (18) in 83% yield. Structures of various products reported in the above sections were determined spectroscopically. In cases where spectroscopically more than two structures were possible candidates, the product was led to suitable derivative which could prove its structure.
III. Structural determination of products (Scheme 4)
The high resolution MS and other spectral data of 4 and 5 show the presence of an extra indole moiety in both molecules. In the 1 H-NMR spectra, 4 and 5 show characteristic C-(8a) proton signal at δ5.63 and 5.92, respectively, proving the presence of hexahydropyrrolo [2,3-b] indole skeleton. In addition, 5 has a long-range coupled doublet proton (J=2.5 Hz) at δ6.93 and is assigned to be C(2')-proton, which is unusually shielded compared to the usual indole C(2)-proton. 10, 11 In the spectrum of 4, a double doublets proton (J=2.2 and 0.7 Hz) resonates at δ6.48, which is attributed to the C(3')-proton. The structures of 4 and 5 were further confirmed by treating them with Ac 2 O and pyridine to provide the acetyl derivatives (20 and 19) in the respective yields of 97 and 51% (Scheme 4). From these data, 4 and 5 were deduced to be indol-2-yl and indol-3-yl isomers, respectively.
Repeated recrystallization of 4 formed suitable prisms for X-ray single crystallographic analysis and the structure was determined unequivocally as shown in Figure 1 . Since the indol-2-yl structure of 4 is established, then it determines that the other isomer (5) is the indol-3-yl isomer. The preferred formation of 5 to 4 is in accord with the well-known positional order 3>2 for the reactivity of unsubstituted indole. The structure of 6 was proved as reported in the previous paper 9 by converting it to 1-acetyl-6-mesyloxy-Nb-trifluoroacetyltryptamine (21) in 25% yield by the treatment with NaH-AcCl. The compound (7) has a ring opened structure of 5. It was proved by isolating 7 in 89% yield when 5 was heated in DMSO at 130 °C.
To establish the structure of 9, it was converted to the common compound for structural determination by series of reactions. First, 9 was led to (3a,8a-cis)-3a-acetoxy- (22) and -8-acetyl-1,2,3,3a,8,8a- hexahydro-1-trifluoroacetylpyrrolo [2,3-b] indole (23) -3a-acetoxy-1,8-diacetyl-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-b] 7.15 (1H, dt, J=1.6, 6.9 Hz), 7.18 (1H, dt, J=1.6, 6.9 Hz), 7.36 (1H, dd, J=1.6, 6.9 Hz), 7.42 (1H, dd, J=1.6, 6.9 Hz), 9.11 (1H, br s work-up and separation as described in Entry 4, 3 (13.8 mg, 13%), 4 (7.6 mg, 5%), 5 (16.4 mg, 11%), and 6 (3.8 mg, 3%) were obtained in the order of elution.
[ (3a,8a-cis) -1,2,3,3a,8,8a-hexahydro-3a-hydroxy-1-trifluoroacetylpyrrolo[2,3-b] indole (9) and Et 3 N (0.4 mL, 2.87 mmol) at 0 °C and the mixture was stirred at 0 °C for 1 h. After the same work-up and separation as described in Entry 4, 3 (6.4 mg, 6%), 4 (11.1 mg, 7%), 5 (38.6 mg, 25%), and 6 (4.9 mg, 3%) were obtained in the order of elution. (5.6mg, 6%), 16 (36.5mg, 29%), 11a (8.3 mg, 8%) , and 1 (6.9mg, 7%) 26 from 29 -Ac 2 O (0.5 mL) was added to a solution of 29 (6.5 mg, 0.03 mmol) in pyridine (1.0 mL) at 0 °C and the mixture was stirred at rt for 8 h. The solvent was evaporated under reduced pressure to leave an oil, which was column-chromatographed on SiO 2 with EtOAc to give 26 (7.2 mg, 80%). 
X-Ray Crystallographic Analysis of 4 -

